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ABSTRACT 


The  application  of  negative  impedance  converts  circuits  for  use 
in  extremely  Broadband  antenna  systems  is  proposed.  The  theory  of  short 
antenmaes,  and  means  of  achieving  a  conjugate  impedance  match  to  them, 
is  discussed.  Synthesis  methods  that  yield  the  required  converters,  un¬ 
compensated  or  compensated,  are  presented.  Lastly,  the  performance  of 
several  of  the  constructed  antenna  systems  are  compared  with  that  of  a 
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I,  istrowction 

Conjugat*  ispedaoce*  catching  hs  potentially  powerful  ?  ethod  for 
obtaining  broadband  signal  reception  from  short  antenna  systems*  3y  ea- 
ploying  active  element  networks,  it  is  theoretically  possible  to  aodify 

-  c 

the  characteristics  of  a  given  antenna  so  as  to  mke  it  essan+i  tlv  res¬ 
onant  over  ertreoely  large,  frequency  ranges*  Not  unexpectedly,  the  ex¬ 
act  leading  that  the  active  network  is  required  to  present  to  the  antenna 
is  ft  function  of  the  shape,  sire,  and  frequency  of  operation  at  which  the 
antenna  probe  is  being  used. 

In  essence,  the  technique  is  to  reduce,  by  active  catching,  the  la- 
pedancs  of  the  receiving  probe  to  a  purely  resistive  Value  over  an  ex¬ 
tended  frequency  ranges  hence  achieving  the  broadband  resonance  effect, 
la  the  conventional  sense,  inductors  and/or  capacitors  are  Matched  to  tbs 

5  -  ; 

antenna  to  provide  single  frequency  resonance.  Likewise,  in  the  active 
antenna  systea,  to  achieve  the  resonance  characteristics  desired,  the 
conjugate  match  of  the  antenna  impedance  is  synthesised  by  use  of  active 
networks  and  then  presented  to  the  antenna.  The  result  of  suet  xjanipu- 
latlons  is  the  obtainaeni  of  high  Q,  yet  broadband,  reception  systeas 
where  the  eoimon  antenna  size  versus  wavelength  relationships  do  not  apply, 

±*  BACE5R0UHD  ' 

The  ecaespt  of  using  lading  to  cause  antenna  resonance  dates  back  to 
the  turn  of  the  caett^r^  wtea  it  van  eosnot  practice  to  use  inductors  and 
capacitors  to  tune  or  datOTe  antenna  structures*  The  profiLss  of  Matching 
aatennaae  UBlng  passive  networks,  based  on  ntsaaroua  matching  .criierias, 
ha®  been  treated  e»i*st»ively  by  varies  authors  £lef*  i  and'  ZJ, 


5 


Conjugate  impedance  matching  functions  ecsumplishtd  by  means  of  active.. 
networks  have  received  only  minimal  attention,  Sarly  work  in  this  field 
was  done  by  Merrill  £p,ef5  33  and  Bonner  £nef ,  #3s  leeently,  McMahon 
{[Be£,  5]  has  attended  to  nse  active  conjugate  impedance  matching  methods 
in  order  to  obtain  broadband  control  of  radar  cross  sections,  With  re¬ 
gard  to  antenna  system,  only  two  published  works  have  appeared.  The 
first,  by  Mittxa  jjlef,  is  extreaely  restrictive  la  -nature,  The  second 
m  investigation  of  one  possible  broadband  antenna  system,  was  reported  in 
Reference 

Hence,  out  of  necessity,  experimental  work  had'  to  prepress,  for  pur¬ 
poses  of  this  report,  along  two  separate  lines »  circuit  development  and 
Batching  to  the  select  .1  antenna  for®. 


3#  REPOS?  FOffiSUP 

Chapter  two  presents  the  theory  ef  broadband  antenna  conjugate  matchin 
Chapter  three  deals  with  the  experimental  methods  used  in  testing  the  re- 

,o 

slimed  devices  and  systems.  Chapter  four  summarises  the  device  construe- 

\  -  ' 

tics  procedures  end  the  experimental  results  obtained,  while  chapter  five 
presents  the  conclusions. 


fhe  foUowtog  sections  present  the  theory  behind  the  concept  of  the 
broadband  resonant  antenna.  Small  antenna  theory  is  briefly  reviewed} 
and  then  extended  to  allow  for  broadband  resonance  by  introducing  the 
concept  of  the  negative  reactance  element.  Means  of  achieving  svch  neg¬ 
ative  elements  are  formulated}  and  then  the  overall  result  is  applied  to 
the  development  of  antenna  matching  schemes  that  yield  the  desired 
broadband  resonance  phenomenon, 

A.  SMALL  AHTSNM  THEORY 

-Foe  purposes  of  definition*  the  short  antenna,  is  defined  as  cos  whose 
dimensions  are  much  smaller  than  the  wavelength  of  interest,  Such  a 
short  receiving  antenna  can  be  modeled  by  &  Thevontn  generator  Having  a 
voltage  Vg  and  an  internal  antenna  impedance  as  shown  la  Figure  1, 


••  Fig,  1,  Short'' Antenna.  Equivalent  Circuit 


%  is  generally  complex  and  composed  of  a  resistance  component 
usd  a  reactive  ccaponant 

.  Given  a  short  antenna  of  lesgtfe  1  md  radius  s#  where  L  Is  mush 
less  than  \fkt  the  input  reactance  of  the  antenna  structure  is  eajecltive 


If,  la  addition,  capacitive  top  loading  Is  employed  to  Increase 
the  effective  height  of  the  antenna  and  provide  an  essentially  uniform 
current  distribution,  a  second  capacitance,  top  loading  capacitance, 
must  be  accounted  for  in  X  »  Such  top  capacitance  is  effectively  added 

ft 

in  parallel  with  the  structure  capacitance  C^,  For  computational,  pur¬ 
poses,  Gj.  is  a  linear  function  of  the  diameter  of  the  geometric  fora  an 
ployed  and  is  shown  by  toe  curves  of  Flgitre  2  £fief,  8]],  •- 


linder 


Diameter  in  inches 

Fig,  2.  Top-loading  Capacitance  of  Various  Geometric  Forms 
vs  Their  Diameter 

The  antenna  resistance  is  composed  of  two  parts,  toe  first  of 
which  Is-teraed  the  radiation  resistance,  E  «  The  radiation  resistance 

r  ‘  .  * 

for  a  short  antenna  with  an  essentially  uniform  current  distribution  ea 
be  shown  to  be  approximately  twice  that  of  ft  structure  having  linear 
current  distribution,  and  is  given  by 

»  80iT2  ( L/\)% 

Khan  considered  ever  a  safest  ground  plane*  this  resistive  component  i 


A  second  resistance,  K^-s  the  ohaic  loss  resistance,  is  also 
present,  'but  since  it  is  usually  much  less  than  the  radiation  resistance, 
it  is  neglects  in  future  considerations , 

Returning  to  Figure  1,  we  nay  model  the  short,  c&paeitlvely  top 
loaded  antenna  by  either  of  the  fallowing  equivalent  circuits. 


Fig.  3a»  'Thsvenin  Antenna  Equivalent  Fig*  3b.  Horton  Antenna  Squiv- 
Circuit  alent  Circuit  ^ 

where  V  and  I  represent  the  respective  voltage  or  current  impressed  on 

the  airtema  at  some  frequency  f^, 

S,  SEGIE  FHBQPENCI  ZKESDAHC3  MATCHING 

i 

Consider  the  resultant  Thevenin*s  equivalent  antenna  circuit  given 
above  s  The  conventional  impedance  matching  approach  for  achieving  Bari- 
ikes  signal  reception  is  to  reduce  the  net  antenna  reactance  to  Eero  by 
introducing  a  series  inductance  so  as  to  obtain  resonance  at  the  desired 
frequency.  At  the  resonant  frequency,  the  antenna  input  impedance 
reduces  to  R^,  a  minimal,  impedance  value,  and  the  current  2s  maximised, 
Gr.^-^tically,  the  above  is  presented  in  the  following* 


Fig*  4a»  Inductively  Tuned  Mg.  4b,  Impedance  vs  Frequency  Hot 

•Antenna  Model  for  Inductively  Tuned, 

dapaciilve  Antenna 

The  major  drawback  of  this  method  is,  of  courses  that  resonance  with 
inherently  high  ft  is  obtained  at  only  era  frequency,  fr*  This  failing 
is  effectively  removed  if  one  hypothesises  the  existence  of  a  negative 
capacitance,  -Cv,  If  e  -C^  ,  and  the  negative  element  was  substi¬ 
tuted  for  the  Inductance  shown  in  Figure  4a,  it  bee  esses  readily  apparent 
that  the  antenna  would  be  resonant  and  present  an  impedance  SJ^  =  3^  at 
.all  .frequencies  „  For  continuity,  we  digress  at  this  point  to  consider 


“  icteaiasea  ma&l  of  &  negative  capacitance*  shown  In  Figure  % 

©—*--{( — © 


5"%*  5*  Idealised  Nagatlvo  Capacitor  Model 

is  an  active  elesent  that  can'  sathenatically  be  described  by* 

i(t)  -  -Cdv/di,  (j) 

or  equivalently, 

r(t)  =  (i/-C)/i(t)d.t  ,  (2) 

In  both  o-?  the  above,  the  sdnus  sign  is  implicitly  assumed  to  he  as 
sociated  to  the  element  C,  vice  a  current  reversal  or  negative  voltage- 
time  gradient* 

A  combination  of  series  capacitors,  one  positive , _  the  other  negativ 
results  in  as  equivalent  short  circuit,  as  shown  in  the  relieving  * 


ng,  o,  -Series  Capacitor  Placement  Model 
the  terminals  1-2, 

ST  J  “  -TT" /i(t)d.t  +■  jr-/i 


Bt  «t  -°a 

Gt  *  "%%/  (%*%) 

,  C+  fees  to  infinity*  which  ifi  iifftal  a* 


Shunting  parallel  capacitors,  one  positive,  the  other  negative, 


shorn  in  Figure  7i  results  ia  an  open. 


Fig.  ?,  Parallel  Capacitor  Placement  Model 
Seiueen  the  terminals  1-2, 


,  dvfi) 
"t  dt 


a  Mil 

*t  dt 


'2  at 


For  l-Cgl  ,  Gt  “  0 

Finally,  la  terms  of  the  frequency  domain, 
%«*  -3/wJp  -Cg  **  iM,* 


By  analog?  of  fora,  the  negative  capacitor  acts  as  an  inductor  i 
veins  i/C5j  vith  the  same  eurrent^voltage-phass  relations,  hat  vith 
isportani  difference  that  the  frequency  dependence  ia  the  inverse, 
ijs  Series  Hnsemsni 

Consider-  the  series  fora  ehosa  la  Figure  8,  For  purposes  o; 


fit f»K  q  ^  iww* ^  **• c  ‘‘SV1^ w  's,1<"  ^ ^ *r4WW  $V,,'i 


7  -  -  '  >ifc'5'?f-\l=-vi 


a? 


2  *  s^/wc*.*  .j/^2 


2  •■=  2 


D; 


®ss  voltage  and  current  are  1b  pisase,  2(a)  is  nioigsa*  as>1  X(s)  is  sari* 
aast!*  fho  iapedasse  vs  frecusucy  plot  is  given  by  the  followings 


Mg,  9,  Istpedanee  vs  Freomsacy  Hot  for  Series  Placed 
N^tive  Capacitor 


If  Conventional  Q  definitions  are  used}  then 


o  a  2fT  ^oclau5  stored  energy  _ 

44  “  energy  dissipated  per  cycle  * 

*..  . 

*ca  * 


A  proof  of  this  result  is  presented  below j  for  ntm  though,  cop- 
eider  that  sines  the  stm  of  the  reactance  parts  is  aero  at  all  fre« 


%usmM^t  4  does  not  peaL  in  the  soaveciisnal  sense*  hut  exhibits  a. 
eb^rscieriatto  behaviour  as  shown  in  figure  10,  ■ 


Fig,  10,  §  yb  Frequency  for  Element  Haeemsni  of 
Figure  8  - 


Per  short,  top  loaded  antennas  with  typical  parameters, 

C+  *  2pF,  S  4  ,i  ohsas,  Q,  would  range  froa  5  *  10"°  at  KHs,  to  5  «  10^  at 


1  CHs, 


At  any  given  frequency  f^5  the  energy  stored  is  a  constant,  hat 


different  than  the  amount  present  at  frequency  f ,,  In  teres  of  the  ac- 
tive  and  reactive  power,  the  external  circuit  is  not  called  upon  to  fur¬ 
nish  any  reactive  power  to  the  resonant  circuit.  The  reactive  power  Is 
transferring  energy  hook  and  forth  from  the  negative  capacitor  to  the 
positive  capacitor  within  the  resonant  circuit.  Hence s  the  terminal  vol 
ago  and  reamsnt  _  sm  ir.- j  their  product  is  a  niniaun  at  any  frcquenc 
their  power  factor  is  unity.  These  conclusions  arc  evident  from  consid¬ 
ering  a  current  i(t)  =  I_sicst  passing  through  the  scries  clenssts  of 

figure  8,  _Thc  voltage  Vn  across  tha  positive  capacitor  alona  is  given 

a  -  '■  ; 


-I-COSWt 


voile  that  across  the  negative  capacitor  is j 

I  coavt 


V  m 


(?) 


Ths  phase,  current ,  and  voltage  relations  that  exist  across  are 

identical  to  those  of  as  inductor.  In  particular,  when  the  positive 

capacitor  voltage  is  a  naxicaa,  the  current  through  the  negative  c&- 

nacitor  is  zero,  and  vice  versa.  Per  an  inductor,  V,  »  wLI  eoawi,  while 
*  *  in' 


equates  to  equation  7*  By  analogy,  1  **  l/(w  I  Gg!  ),  hence,  the 


energy  stored  in  the  negative  capacitor,  -Cg,  is 


S 


-°2  '  2  KZ  I  CEI 

while  that  in  the  positive  capacitor  is 


>4 


teax 


sin  wt 


ECX  ”  ^  I  )  ^ax008^ 


Therefore,  the  total  stored  energy  in  the  system  at  any  moment 
is  given  hyt 


^stored  "  ^  + 


1  Xraax  r _ 2.^  ,  .  2  , 

■g  ~5 —  ]  cos  wt  +  sin  wt 
4  L 


,  I2 
l  ^nax 


2  A 


fear 


%  **  ,“C2I 


At  the  instant  of  mm  current ,  all  energy  is  stored  in  the 
negative  capacitor?  at  the  instant  of  zero  current,  all  the  energy  is 
stored  In  the  positive  capacitor,  Thus,  since  the  sub  of  the  cosine 
squared,  sins  squared,  functions  is  always  unity,  the  total  stored  energy. 
Is  m  constant  independent  of  time. 


15 


1  =  *«  0**  I  H  +  j(; 


wC,  w£h 


Equation  8  is  of  the  sane  form  as  equation  3*  Therefore j  I  fo: 
the  parallel  circuit  varies  with  frequency  la  a  manner  similar  to  that 
for  3  of  the  series  circuit  of  Figure  9*  The  eusceptance  vs  frequency 
plot  is  given  in  Figure  12*  Of  particular  interest  is  the  conductance 


»  SC, 


-VC2  -  BC2 


Kg*  12*  Suseephance  vs  Frequency  for  Shunted 
Negative  Capacitor  Placement 


presented  "by  this  circuit  a^angeneni*  iMeh  is  nov  considered,  From 


equation  8S  3  is  given  byt 


i/w2sffi  . 


'Thlp.  is  sore  conveniently  earorossed  in  texss  of  Q*  Using  the  previous 


given  definition  for  Q.  the  value  for  the  tiro  branch  narallel  resonant 


a 


which  is  the  sams  Q  as  found  fear  the  series,  circuit e  Thus,  Q  viXx  vary 
as  shown  in  Figure  13,  Substituting  equation  9  in  to  10  yields  the 


result* 


Z  -  Q2H 


Thus,  at  resonance,  the  parallel  teak  presents  an  input  resistance  that 
varies  as  plotted  in  Figrae^i3» 


Fig,  1>,  Input  Impedance  vs  Frequency  for 
Barallel  Element  Placement  of 
Figure  11 , 

She  preceding  discussion  of  the  parallel  placement  model  assumes 
all  the  resistance  present  in  the  circuit  to  he  in  the  branch  leg  con¬ 
taining  the  antenna,  with  none  in  the  negative  capacitor  shunt  brunch, 
tills  may  not  actually  he  the  case.  Resistance  nay  he  present  in  either 
of  Idle  two  tranches,  Whatever  the  case,  all  resistance  placements  re¬ 
quire  high  Q  to  be  valid,  and  so  long  as  the  Q  is  high,  it  lakes  little 
difference  how  the  resistance  is  distributed,  true,  the  above  forsula- 
tiaas  would  vary,  hut  as  in  a  LG  tank,  they  would  still  serve  as  excel¬ 
lent  approximations.  Hence,  for  B  small,  1  is  considered  to  he  the  ana 
of  the  'resistances  present  in  each  branch  leg, 

Fzm  the  above  treatment  of  thsr  SOTies  sad  mxallal  circuit 


tf-ii 


the  use  of  negative  capacitance  elements.  Our  next  consideration  is  to 
the  apprtwdmate  realisation  of  such  an  element, 

B,  NEGATIVE  XMEEBABGS  COHVBEEEH  THE Xm 

The  means  by  which  the  negative  capacitance  discussed  in  the  previous 
section  is  to  he  obtained  is  by  the  use  of  Ifegatlve  Impedance  Converters  , 
(NIG),  Since  IdnviH  published  his  original  paper  on  active  filter  syn¬ 
thesis  to  1953,  and  introduced  the  first  practical  transistorised  1CC0, 
the  concept  of  active  converter  cL  cults  has  become  accepted.  Though 
the  actual  credit  fear  the  concept  of  negative  impedance  converters  to 
generally  credited  to  Karlua  labour  for  him  work  on  negative  regenera¬ 
tive  systems*  little  actual  U3e  for  the  device  or  theory  was  Bade  until 
the  field  of  active  filters  became  established. 

The  functional  aspects  of  NlCto  are  today  well  documented  for  the 
idealized  foruj  hence,  the  following  discussion  serves  only  to  provide 
an  introductory  medium  for  later  discussion* 

1 ,  general  NIG  Theory 

A  negative  impedance  converter  to  by  definition  a  two  port 
device  with  the  property  that  any  imaittance  shunted  across  one  terminal 
pair  will  appear  as  the  negative  of  that  imaittance  at  the  other  port. 

It  is  *  by  analogy,  a  form  of  an  ideal  transformer!  it  has  a  ratio  of 
impedance  transformation  of  -£*t  and  functions  in  a  bilateral  manner 
[Bsf,  5], 

A  concise  definition  of  the  properties  of  an  HIG  may  be  arrived 
at  by  consideration  of  the  terminal  voltages  and  consents  of  a  two  port, 
For  coavontonee,  the  two  p»fc  is  described  by  its  ^tedd  parameters  ss 
shown  to  Figure  14,  ^ 
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The  conventional  parameter  designations  apply  and  axe  related  byi 

rl  “  hA  +  hsYz  ’ 
h-hih*  hzh  • 

If  in  the  above  figure  a  load  impedance  2^  is  placed” across  peart 
2,  2^  say  be  expressed  asi 

h(  nbnj  2.* 

Zin  '  yA  ■  hi  -  iSg£  > 

whore  th«  product  h^h^  is  normally  denoted  by  K  and  referred  to  as  the. 
devices  conversion  ratio,  or  equivalently,  the  devices  transmission  .gain. 
For  2^  "  -2^,  it  is  required  that  the  following  set  of  equations 
be  satisfied* 

hjt  -  0 

*=  0 


h12hSl  *  1  • 

The  fact  that  *  I  leads  to  the  title  of  unity,  or  Ideal,  NIG, 

It  will  be  assumed  in  this  section  that  all  references  to  NIGrs  em¬ 
phatically  imply  devices  with  unity  conversion  ratios* 

Two  basic  types  of  KIGSj  are  realizable  tsm  the  set  of  equations 
given  above,  depending  on  whether  current  (nr  voltage  inversion  occur 3, 


k  NIC  that  Inverts  current,  INTO,  doss  so  without  effecting 
tho  polarity  of  the  input  and  output  voltages,  By  definition,  if  the 
two  port  NIC  dav5.es  somehow  inverts  one  port  current  with  respect  to 
the  normal  currant  flow  in  a  passive  network,  the  NIG  is  of  an  IhTG 
type,  With  a  load  on  port  2  of  Figure  14,  the  inversion  of  one 
port  current  results  in  Vj  producing  a  current  flow  in  an  opposite 
direction  such  as  to  oppose  the  applied  voltage,  She  input  impedance 
is  therefore  negative,  *  Vg  ,  and  1^  “  In  matrix  form,  this  is 


given  by 


hi  hz  r°  r 

-  (ime) 

^21  **22  1  0  ' 

•  in  mi 


(Ua) 


The  resultant  INIC  is  representable  as  shown  in  Figure  15a, 


Mg,  l^a.  -H  Parameter  Representation  of  IHIG 


When  voltage  is  inverted,  thf.  direction  of  current  flow  through 
the  NIG  remains  unchanged,  and  the  device  in  referred  to  as  a  voltage 
inverter,  or  ?NXG,  For  the  ideal  VRIC,  -  -I_,  and  Y,  *  Yg,  In  matrix 


‘*mr . . . 


oncerning  the  above ,  the  "'cdelson  the  left  are  most 
by  the  synthesis  of  a  network  to  obtain  the  desired  matrix 
on  the  right  ass  const  acted  by  approximating  the 


current  or  voltage  generators. 


E,  GENERATOR  C0I3THUGTI0N 

HIG  circuits  built  on  generator  construction  principles  are  in¬ 
herently  less  complex  than  those  bas-d  m  matrix  methods  for  the  reason 
that  it  is  easier  to  construct  a  dependent  generator  than  to  control 
two  port  matrix  parameters^-  Two  such  generator  models  are  now  presented. 

1 .  Idealized  generator  VNK  Model 

A  particularly  simple  NIG  circuit  is  given  in  Figure  18, 


Fig*  IS.  Idealized  Generator 
VHIC  Model 


For  the  above. 


Fig.  19.  Modified  Ideal  Generator 
VMIC  Model 


%  ™  **  Vi^2  f 

Zin  *  fi^t  *  ~Vi^2  * 

lie  modified  arrangement  of  figure  19  yields  the  same  result,  while 

J 

being  some  what  easier  to  realize  by  usage  of  amplifier  stages  as  illus¬ 
trated  is  Figure  20,  where  the  input  impedance  of  the  amplifier  stags 


is  Infinite,  and  2 


sere. 


Fig.  21.  VHIG  Realization 


la  the  shave,  the  operational  f nplifiers  are  idealized  as  infinite  input 
zero  output  resistance,  infinite  gain  stages. 

Hie-'- idealized  operational  amplifier  Is,  of  course,  rot  available 
It  can  he  shorn  that  .is  either  finite  input  and  output  stags  resistances 
.develop;  or  as  a  phase  shift  arises  >-itb  respect  to  the  input  and  output 
voltages,  the  converter  action  deteriorates  to  an  unusable  point.  let, 
at  Ion  f^scuencies,  the  above  circuit  is  scat  practice,  when  neither  of 
tbs  prlaary  input-output  terminals  must  be  placed  at  gtmsd  potential. 


2,  Idealize- -I  Generator  IHIG  Model 

Figure  ^  is  f.  aodol  representation  of  Figure  t/w,  igain? 


asauning  that  the  aspUfier  has  high  gala  and  infinite  input  iwpedance, 
there  is  a  virtual  abort  at  the  input  terminals,  which  implies  that 
i-%  »  Fg,  The  two  resistors  thus  have  equal  voltages  acres 3  then,  and 
since  the  amplifier  draws  no  input  current,  =  Ig,  thus  satisfying  the 
conditions  for  IKEG  operation*  hs  before,  as  the  real  operational  am¬ 
plifier  configuration  is  approached.  converter  action  aegansrates,  though 
at  frequencies  of  operation  less  than  §Q0  IC-fe,  the  above  circuit  in  quite 
attractive* 

3*  General  Generator  Equivalent  Circuits 

A  last  comment  is  appropriate  at  this  point,  The  generator 
equivalent  BIG  circuits  are  nest  tree  two  port  KEGfe,  only  approximations , 
since  they  do  not  satisfy  the  stated  matrix  requirements!  nevertheless, 
they  ere  extremely  useful  when  working  with  one  port  applications. 


f .  mssm  FOHUJLATIOH 

In  the  construction  of  the  KEC1  used  in  this  report  ^  two  synthesis 

,  The  first  procedure  is  hagst 


procedures  were  followed  when  possible 


into  sc  overall  Meal  ICECi*  fha  procedurs  davslc-jsd  far  such  coupeasaiicn 
oyathesis  is  covered.  separately,  while  is  this  section  the  active  defies 
arrange^is  that  yield  honideai  kick  are  discusses,  ' 

The  second  method  considers  the  synthesis  of  iSG2fk;f®o«  the  nodal  aa- 
sittaace  sat.vix  for  the  given  nsiwor*.  within  ufcieh  in  finite  gain  amplifier 
stages  have  been  inserted,  '  -  ~ 


By  utilising  tha  above  design  procedures,  censiderat ions  such  as 
frequency  sad  aynasic  range  ers,  for  the  sost  pari*,  r  dueed  to  consider*"1 
aiions  of  the  actual  active  devices  employed, 

1,  jftmideal  HIQ  Synthesis 

In  any  natrix  formed  NIC  circuit,  a  nirdxaam  of  two  active  ds  vices  - 
are  required  in.  order  to  rake  pose  inis  the  feedback  action  necessary:  is 
produce  negative  impedance  conversion,  Bsneo,  in  its-  sirplest  fors,  the 
^proccauro  for  dsvelopisg  nooideal  UGh  reduces  to  a  -study  of  the  possible 
ways  in  which  two  active  devices  say  he  arranged  while  still  presenting  - 
an  E  matrix  for  the  network  that  can  be  gyntSesisgd  into  m.  ideal  NIG 
"block*"  It  will  be  shown  in  a  later  section  that  only  these  networks 
possessing  an  H  matrix  satisfying,  one  of  the  entries  of  Table  i  nay  be 
compensate!,  Hence ?  ?t  serves  cay  purpose  to  consider  only  those  active 
device  arrangements  that  yield  one  of  the  entries  listed  ia  Tatis  i. 


Assuming  that  the  aetiv s  devices  are  representable  m  three 
terminal  two  ports,  arranged  as  shown  in  Figure  23,  then  it  can  be 


o 

o 


a*, 


CU, 


(K  K 
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fig,  23,  Active  Device  Three 
Terr  Inal  Two  fort 


aaihsraatically  proven  that  the  only  interconnections  that  lead  to  re¬ 


alisable.  wideband  NIC's  are  the  series-parallel ,  parallel -series  a^* 
rangesEents  depicted  in  Figures  2h  and  23*  ~ 


Configuration 


Pig,  23.  Iarallel-5erieB  SIC 
Configuration 


The  series -'series,  parallel -parallel ,  and  cascade  configuration* 
ere  inferior  due  to  the  active  device  place-sent  and  associated  biasing 
problems s  and/or  excessive  compensation  required  to  realise  the  ideal 
Hid  conditions  £fief,  ioj* 

*The  gain  restriction  is  that  the  product  h^h,,.,  be 'posit  ive,i-r<  nag- 

nitude.  If  me  assi»es  active  devices  shat  are  tranAistce-®^'  this  iaplii 
that  only  the"  common  cclleetor-chwmon  emitter,  dr  vica  'vexBa'j  Conflgiixa' 
ticaa  will  lave  b,  -.h,*  products  anywhere  x-ear  uzdty.  -  Given  the  device 


xae  device  employed  in  Figure  23  my  be  bipolar^  fst#  tube,  ©3 
combinations  thereof*  Depending  on  tho  type  of  devices  selected, 
Figures  24  and  25  vould  in  sons  eases  have  to  be  modified  to  include 
external  resistors  Inserted  to  prevent  certain  matrix  elements  from 
becoming  infinite*. 

'fhe  most  useful  of  the  realisable  configurations  that  can  be 
derived  from  the  above  arrangements  is  given  in  Figure  26,  T&  result 


*1  f— 


0s — t 


/«.\ 
/  -Z  \ 


Fig.  £6*  Series "Parelisl  Uealicatioa 
for  Nonineal .  HIC 


ant  two  sort  d  ^ieix  Is  gives  by  equation  12,  vherc  the  prims:®  denote 


|  (h^jah*?  +  iAfc*;  h^)  -rCti^Ah’i  +  hdjAhl  ) 


(12)  j&lf  f 

-«■  V.  {Ahi^  { 


*^i^Ah  }  *  (h^jiAh  i  *  fe^jAhJ 

parasrtars  of  tortus,  fhe  cvarrtl  3  aatrtx,  [hj,  is  of 

u  v 

ictertst  since  it  presents  the  ttsst-  favorable  paraasiers  for  a  son- 

ideal  SICj  i,e.,  h,.  ,  bp*  ,  are  very  small ,  and  fc,  ,  ,  are  close 

-  -  %  1  -  ***  *■** 

tp-uaity ,  fence,  the  arrangement  of  figure  26  viH  aiintya  provide  a 

n«tidis*i  fflu,;.  rsgartilqas  of  the  obssuctanea  value  inserted  for  blsrtng, 

t%  has  teen  found  tbet  ail  other  conf  1  gurat  ions  derived  iron  this  pro-. 

ceSpnx*  are,  s*_fecfct  only  vonditicnal.  ncnideal  yie’st  %  tMs,  is  meant 


The  ^procedure  to  be  followed  in  thin  section  is  to  synthesise 
out  of  s  given  nodal  admittance  matrix  the  conditions  required  for  a  two 
port  to  act  a3  a  negative  impedance  converter,  Again,  it  is  assumed 
that  there 'arc  a  minimum  of  two  high  gain  amplifiers  embedded  within  the 
two  port,  .  These  active  components,  operational  amplifiers  for  example, 
are  considered  to  bo  three  terminal,  high  gain  devices  with  one  terminal 
at  ground  potential,  la  general,  the  input  impedance  Z.r  of  Figure  2? 
can  be  expressed  as  a  transformation  of  the  load  impedance  Z,  placed  at 


i 

o 


Fig.  27.  leaded.  Active  Two  Port 


port  two 1 


where  a  tnrouga  d  are  constants  of  the  given  network.  It  is  assumed 
that  the  network  is  real  and  possesses  a  definite  nodal  admittance  aatri: 


It  has  been  shown  by  Holt  ana  Garay  j^Hef .  i2 J  in  their  paper  on 
admittance  transpose  operations ,  that  equation  13  can  be  rewritten  is 
terms  of  the  definite  nodal  admittance  eatrlx  so-,  that* 

z  .  h£kLh±*M-  ,  (w) 

tn  Aa+A-q  '  1 

In  this  equation, A , ,  is  the  cofactor  of  the  (i, j)  element  of  the  DH&M, 

“il 

A  i®  the  determinant,  and  ^  is  t“a  secon-  order  cofactor  of  the 

-  ^  --v 

2JH&K, 

For  Z^a  to  equal  -2p  it  is  required  that* 


An,22  =  A=  0 


*  K  43  -1  =  conversion  ratio. 


From  15a, 

A-0=«>^uA22-Ai2A21  =0,  or 
A  u  A'  22  “A  12.  A-£i  * 

Like  wise,  the  voltage  transfer  ratio  my  be  expressed  asi 


.  1  &11 ’*  h  +  &ll9m 

Ihus,  for  a  VHIG  we  would  desire  negative  voltage 
Combining  equations  13  through  17#  gives* 

A#o. “  ”  A.*# 


A  if  A  22  “  Aj2  A  21 


or*  equivalently. 


1  hi  "%4  *%6 

2  "g21  'g22  ^24 

3  ~«3i  "632  **|4  *®36 

5  *^51  'g52  **54  '°?56 

Th®  ^8ign  procedure  froa  this  point  on  is  based  on  tiro  desires, 

First,  synthesis  yielding  the  ainimia  tmnbsr  of  nonzero  g, ,  elements . 

*« 

and  secondly ,  satisfying  the  governing  equations  above,  if  through  18, 
Ftom  the  BH&K, 

^  U,  22  **  g>4g56  “  %6e54  “  °» * 


g34s56  “ 


Froa  equation  18, 


vhere 


~  ^  22  “  ^  2i  J='’^12“  ^  11  ~  constant  -f  0 


s54^  +  S32^s24g56,'s26s54^“s52 


To  satisfy  equation  18,  g^teras  are  arbitarily  set  to  aero.  For  exasple, 

_ AJ  C 


hz  “  «14  •  %J  =  hj  *  g23  °  g«6  -  836  *  % 


*22-“  831(83451^;)  *  *<2 


* 


^  2i  ~s52^s34s16/’  “  **■ 

A12  "  s51^g36e2^  s  40  *- 
Hi  "  'g52(g36g24)  =  “°  * 

hence, 

g36%f  =  £34si6  (2o) 

s52  "  g5i  *  (2l) 

The  resultant  matrix  is  thus, 

12-4  6 

.  '  1  gll  0  0  *%5 

2  0  %>  -«24  0 

3  0  0  ^36 

5  -S51.  -  -G#  0  0  , 

Khece  A  »  Si^gS^^-^g). 

?X0B  equation  15,  A=  0,  or  equivalently,  ~  g^,  lastly,  for  domi¬ 
nance,  gj^  «  gggi  equations  19  and  20  yield  «  gg^,  Thus,  in  summary* 

.  g52teg5i&sl 

s34  &  s36  15  % 

%6  “  e24  '  %  * 

and  Ajj  e  -  Agj  “  **  A .{g  =  A  as  required,  ^turning  to  Figure  23 
and  placing  the  resultant  conductances  in  their  respective  places,  yields 
Figure  29# 
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Fig,  29,  Circuit  me  Realization  Based  on  Hodal  Admittance  Matrix 


The  resultant  network  is  a  WHO,  since  it  was  required  that  H—l, 
Reversing  the  amplifier  setup  results  in  a  CNIC.  It  is  of  interest  to 
note  that  the  CHIC  model  ms  published  by  A.  Antoni cu  £nef ,  Ij]  and  de¬ 
rived  from  his  considerations  of  the  circuits  nonideal  matrix  fora. 

The  circuit  realisation  above  is  one  of  many  that  can  he  synthe¬ 
sized  from  the  stated  conditions.  The  sain  usefulness  of  this  method  is 
that  desired  configuration  requirements  are  accounted  for  from  the  outset 
Hence,  terminal  ground  arrangements  that  would  be  difficult  to  achieve 
using  other  synthesis  means,  are  handled  in  a  relatively  simple  manner. 


In  the  Meal  Hi 0,  the  3nmittan.ee  parameters  bt^  and  h^g  are  both  sera. 
For  a  aoaideal  NIC*  the  normally  encountered  situation,  h,  ^  and/or  hgg 
are  seldom  sera.  These  resultant  non-ssra  parameter  values  detract  fro® 
the  negative  impedance  conversion  properties  of  the  jflG,  and  are  termed 
parasitic  immiiiances.  It  has  been  demonstrated  by  Larky  r^ef.  il#J  and 
others  that  the  parasitic  parameters  of  seme  nonidoal  ;3ttCfe  can  he  nulled 
out  by  compensation  networks  at  the  expense  of  an  Incremental  change  in 


h^ghg^t  These  discussions  though,  have  been  restricted  to  the  use  of 
NlOh  presenting  only  real  isiiitances  and  are  thus  unsatisfactory  for 
high  frequency  NIC  operation  where  complex  inaittanoes  occur.  In  the 
material  below,  consideration  is  given  to  overcoming  the  above  failing. 
Methods  for  providing  compensation  that  do  not  effect  the  conversion 
ratio  are  developed  along  with  complex  compensation .networks. 

Assume  for  the  moment  that  a  given  NIC  has  the  matrix  parameters  of 


equation  22, 


\tfi>  hj-  , 
h21  h22^® 


(22) 


Since  the  NIC  is  .  -  non-reciprocal  active  device,  in  either  the  INIC  or 
VNIC  modes,  the  cross  product  is.  always  greater  than  aero.  The 

determinant  Ah,  as  well  as  h^  and  hg2  though,  may  assume  either  posi¬ 
tive  or  negative  iaaittance  values.  Probabllist ic ally ,  it  is  possible 
for  a  nonideal  NIG  to  present  any  one  of  eight  sets  of  h  parameters  at  • 
a  given  frequency  of  operation.  These  are  summarized  in  Table  two. 


set 

^22 

Ah 

i 

>  0 

>  0 

<  0 

2 

<  0 

<  0 

>  0 

3 

<  0 

<  0 

<  0 

4 

<  0- 

— 

>  0 

<  0 

5 

>  0 

<  o 

<  0 

6 

>0 

>  0 

>  0 

7 

>  0 

<  0 

>  0 

8 

<  0 

>  0 

>  0 

Table  2 
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Set  7  and  3  are  impossible  combinations ,  For  set  ?t 

hi  -  °*  h22-  given  ^2^21  **  ^’aen 

h^h^  f~0'  "  (>0)^Ah>  0 

Likewise,  for  set  8i 

—  °»  hz  -  0f  >  0t  given  h^h^  > 

^1^  ^~0'  ~  ^>0^'Ah  -  0 

The  regaining  cases,;!  through  6,  are  possible  resultant  realizations 
that  require  compensation  in  order  to  assure  proper  RIG  action.  These 
cases  are  now  considered  in  turn.  As  will  become  evident,  it  to  fortu¬ 
nate  that  HEGfe  can  in  effect  be  considered  self-compensating, 
i.  Set  1  (h^  >  0,  >  0t  A  h  <  0) 

For  the  compensated  RIG  to  have  “0,  h^  must  be  made  zero. 
The  subscript  t  is  used  to  denote  the  matrix  parameters  associated  with 
the  overall  compensated  structure.  Likewise,  for  hgg^  19  0,  hgg  must  be 
made  zero.  Assume  that  an  impedance  S  is  placed  in  the  output  leg,  while 
an  impedance  P  is  placed  in  shnih  across  the  input  of  the  network,  The 

1  4 

overall  network  is  shewn  in  Figure  30, 
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Fig,  30,  Compensation  Network  for  H  Brassier  Set  1 


If  the  conversion  ratio  is  indeed  equal  to  one,  then  -3  is 


reflected  to  the  input  side  as  -Sxl,  and  P  is  reflected  to  the  output 


KOTW{F7^,V»"»Ti .  *  i  1  j  'V -  - - - 

^I^iur-Vr  *  w*^*?**,  •  V>i, «»J$  ^  ■nftfc.yi  f»f{;  tlV»1  I  1 


side  as  -P/1  -  Thus  t-  choosing  S  and  P  properly  results  in  hi  and  hgg 
both  going  to  zero  value. 

The  overall  H  matrix  for  Figure  30  is  equivalent  to* 


+  S  A  h  In  2 

1  +  h11/P  +  fc223  +,§  A h  1  +  h11/P  +  h^S  +  §  Ah 


21 

[i't  +  p  ^  h 


h22  +  Ah/p  . 

l+'W*+i223  +  §AhJ 


setting  hi1  «0  and  solving  yields, 

,  AT 

h11  t  3  A  h  «  0  =>-  3  «  -h^/  A  h  (23] 

setting  h??  »  0  and  solving  yields, 

Ci~T 

hg2  +  Ah/F  ~  0  ->  P  »  AhZ-hgg  (24] 

?  __ 

Substituting  the  derived  values  of  S  and  P  into  the  Ql,J  matrix  yields  i 


In  order  to  ensure  a  unity  conversion  factor,  the  new  conversion  factor 
Ah^ 

K*  »  atust  equate  to  one,  where  equals  the  conversion 

factor  of  the  uncompensated  network,  St  can  be  seen  from  these  relations 

that  the  reduction  of  the  parasitic  Innittances  has  h.  m  achieved  at  the 

expense  of  reducing  the  original  conversion  ratio  K  to  S!  by  a  factor  of 
A  h** 

£  — e~  •  This  result  ladies  that  either  the  ratio  I  of  the  uncompen¬ 


sated  network  mist  he  greater  than  one  by  a  factor  (..!-£ Af.)g  ana  hence 

Ah  ' 

p 

the  values  -3  and  P  scaled  accordingly,  or  (  A  h)  “  1, 
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It  is  Xii  be  noted  that  in  this  case  there  is  no  reduction  in  tho  conversion 


factor  Kt  the  placement  of  the  Impedances  in  the  positions  shown  in  Figure 
%  results  in  K*  -  Kc  In  addition,  this  placement  may  he  used  with  param¬ 
eter  values  from  get  2,  vi+h  the  added  benefit  of  a  constant  K  ratio, 

4,  Set  4,  5*  and  6 

Sets  h  and  3  are  bandied  in  the  same  Banner  as  the  previous  sets 


covered.  For  each  of  these  sets,  though,  there  are  tyro  possible  schemes 
for  the  placement  of  the  elements  3  and  P,  one  yielding  a  reduced  E,  the 


other  a  unity  K,  These  are  listed  in  Table  3. 


The  last  set  to  be  considered  is  set  six  >  0,  bgg  >  0tAh>0% 
which  is  of  interest  solely  because  there  are  no  passive,  positive  real 


impedance  values  that  lead  to  compensation,  consider  the  compensation 

■to,  . 

schema  for  set  i,  where  3  =  and  P  «  q™-  ,  Since  Ah  is  specified 

to  be  positive,  3  and  P  would  have  to  reduce  to  negative  impedances,  con¬ 


sider  the  compensation  scheme  of  set  3»  where  S  ®  -h^  and  P  =  -i/h^g. 
Since  hf1  and  hgg  are  now  specified  to  be  positive  functions ,  s  and  p 
again  retoes  to  negative  impedances ,  If  Ah  is  assumed  to  equal  sere, 
then  3  and  p  must  assume  infinite  values,  while  if  “  h^g  -  0,  there 
is  no  need  for  compensation  networks. 

The  conclusion  then  is  that  there  is  no  passive,  real  positive 
function  compensation  schema . possible. 


5»  aroaary 

The  fallowing  table  summarizes  the  various  compensation  schemes 


considered  above  s  The  usefulness  of  these  results  rests  in  the  fact 


that  given  any  active  structure  that  satisfies  the  listed  h  parameter 
specifications,  a  HIC  results  by  the  use  of  the  indicated  compensation 
method.  Therefore,  the  problem  of  synthesizing  the  JIG  reduces  to  that 
of  synthesizing  the  3  and  ?  Impedance  networks,  whether  real  or  complex, 
required  for  compensation. 


R,  NIC  SMBIUTr  C0ISIB2HATI0N3 

The  ideal  NIC,  or  Its  eospensated  nonldsal  equivalent,  were  modeled 
in  Figure  16  and  17,  Considerations  of  these  representations  leads  one 
to  the  conclusion  that  at  any  frequency  the  NICfe  are  absolutely  stable. 
Ibis  is  apparent  since  the  illustrated  models  allow  for  no  transient 
states « 

As suns  now  that  the  ideal  NIC  is  loaded  as  shown  in  Figure  32, 


Fig,  32,  Twc  Terminal  loaded  Ideal  HtC 


If  ws  consider  3g  and  Z,  to  be  passive  impedances,  the  resultant  sys¬ 
tem  has  a  network  determinant  A  given  by  A®  (3g  -  3,),  The  roots  of  A  , 
which  are  the  natural  frequencies  of  the  overall  system,  axe  values  of 
js  for  which  2g  =  ,  Since  the  natural  frequencies  are  the  seros  of  the 

various  circuit  determinants,  one  approach  would  be  to  use  the  Eouih- 


Hurwits  test  to  ascertain  stability  —  but  only  if  the  circuit  determi¬ 


nant  and  thf  characteristic  polynomial  are  easily  obtainable. 

Though  the  above  approach  is  quite  straight  forward,  it  is  often  im¬ 
practical  to  implement,  sines,  in  its  basic  form,  a  HIG  is  inherently  a 
feedback  amplifier.  Thus  stability  is  best  determined  by  conventional 


feedback  theory,  and  in.  particular,  that  due  to  Nyruist , 


Consider  again  the  ETC  configuration  of  Figure 


se&*  tc  the  right  of  texaina 1  pair  i»i*  is  -3^,  that  to  the  left,  2a» 

The  resultant-  assh  la  penance  io  2g  -  3, ,  as  plated  out  above.  If  3^ 
should  equal  %  t  then  the  total  impedance  would  he  zero,  and  any  voltage 


kX 


inserted  is  series  with  this  aesh  would  call  for  an  isfisit©  current, 
an  obviously  impossible  situation.  Thus*  it  becomes  evident  that  2, 
should  not  equal  Z„,  or  equivalently,  the  ratio  Z,/2  should  aofc  equal 

s  ^  S 

i/o  if  the  syutfiB  is  to  'os  stable. 

The  same  general  rule  for  stability  can  he  arrived  at  by  looking 

at  the  impedances  as  seen  fro«  the  terminal  pair  2-2' ,  The  resultant 

impedance  seen  at  2-2®  is  £2,  -  Z  )•  fhs  term  -2  call©  for  a  currant 

flew  180°  out  of  rhass  froa  that  flowing  through  3  at  port  i-i'r  This 

© 

Implies  that  where  the  phase  angle  of  %  equals  that  of  Z. ,  the  aagei*- 
tiide  of  Zc  sust  bs  greater  than  that  of  5^ ,  Kirased  in  an  equivalent 
banner,  if  the  phase  angle  of  Sg  equals  the  phase  angle  of  Z^,  the  mag¬ 
nitude  of  I-, /2q  Bust  be  less  than  unity*  Thus,  the  ideal  NIC  will 
unconditionally  stable  provided  that  the  magnitude  of  2^/2  s  is  less  than 
unity  at  any  frequency  where  the  angle  of  this  ratio  is  sere. 

If  vc  allow  2g  f  Zj  t  then  it  should  asks  no  difference  if  w©  inter¬ 
change  the  Positions  of  2  and  2,  r  The  conclusion  to  be  drawn  is  that 
if  the  overall  circuit  of  an  Meal  NIC  plus  terminations  is  stable,  so 
also  is  the  system  obtained  by  transposing  the  terminating  load  isped- 
aacss.  In  practice s  actual  3X0%  do  not,  in  general,  behave  in  this 
Banner,  It  is  observed  that  men  unequal  impedance  terminations  are 
Interchanged,  the  system  goes  from,  stable  to  unstable, 

This  can  he  explained  by  recalling  the  fact  that  a  KEG  east  employ 
positive  feedback  to  achieve  the  required  H  matrix,  and  that  under  cer¬ 
tain  terminating  conditions,  the  system  may  satisfy  the  requlresenis  to 
permit  operation  as  a  phase  shift  oscillator. 

St  has  'men  shorn  by  Brownlie  ffSef,  ijQf  that  a  two  port  network 
that  functions  m  a  SIC  at  lor  frequencies  inevitably  has  an  unstable 


sole  of  operation  Khen  one  terEdnal  pair  of  the  device  is  open-circuited, 
and  the  other  terminal  pair  short -circuited ,  Though  Brownlie’s  approach 
is  intrinsically  sera  attractive,  since  it  involves  a  fundamental  limiia- 
tion  on  the  behaviour  of  the  active  device,  a  sore  direct  approach  may  be 
given*  .  « 

Assume  an  ideal  SIC  with  the  matrix  of  equation  ii.  However  closely  • 
the  measured  h  parameters  of  the  actual  device  may  approach  the  condi¬ 
tions  expressed  by  this  assumption,  they  must,  in  reality,  depart  from 
the  Meal  case  in  an  appropriate  manner  Qtef.  x 6], 

Consider  sons  amount  of  tMs  delay  T  for  transmission  across  the 
device*  where  f(i}  ->  then  in  the  frequency  domain  f(p)  ~>e  ^p(p), 

Consider  the  KEG  to  be  redefined  by  the  relations 

hi  ’  h22  "  0  > 

^iz’H  “  •*®k  •  (s») 

If  7  is  “xceedingly  small,  the  MO  will  closely  approximate  the  be- 
haTl0”  of  the  idea  roj^oontetim.  Assume  iermiuuiiug  inpciauoos  Zs 
and  Z7 ,  placed  as  shown  in  Figure  32,  Then,  the  seres  of  are  those 
values  of  p  =  ert  jw  for  which  3 

Z  tr+ 

x  (coswf  -  jsinwt),  (29) 

3L 

Shea  this  ratio  of  terminating  impedances  is  positive  real,  is  given 
by  w  m  2rrn i/t,  n  m  0 ,  *1,  +2*,,  ,  Solving  for  p  by  taking  the  logarithm 
of  both  sides  of  equation  2f ,  it  is  dear  that  if  Z,  >  2, ,  the  logarithm 
is  red  and  negative,  and  the  sexes  of  +  *w  are  all  in  the  left  hand 
plane!  if  2,  >  2^,  the  logarithm  ,1s  real  and  positive,  and  all  the  zeros 
are  in  the  right  hand  plane.  Hence,  if  a  ISO  is  defined  by  equation  28 
and  is  terminated  at  ports  1*4*  aid  2-2f  with  impedances  £  and  2k 
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whether-  Zg  is  greater  or  less  than  3. ,  f 
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I,  ANTENNA  KflCHXlB  031 B3  N20*s  - 

Raving  considered  the  realizability  of  the  negative:  capacitance  ele¬ 
ment,  our  attention  is  new  redirected  to  the  initially  posed  antenna 
matching  problem, 

-  *  Hatching.;  Sy  Conjugate  Irnltianca  Synthesis 

If  the  fori©  of  the  antenna  impedance  Z{s)  is  prior  knowledge,  it 
ic  possible  to  synthesize  from  it  the  equivalent  antenna  X(s)  function 
and  represent  it  in  tarns  of  lumped,  realisable  elements , 

The  function  X(o)  which  we  wish  to  synthesize  has  its  representa¬ 
tion  as  a  quotient  of  polynomials  of  real  coefficients  and  has  teen  ex- 

tensively  studied  and  reported  on,  especially  with  regard  to  active  RG  ; 

— *  * 

filter  applications,  The  primary  rG  driving  point  synthesis  procedure  \ 

,  * 

of  Inportance  is  due  Klnarlvala  {[Ref,  17  j*  Ihc?agli  our  concern  is  direct¬ 
ly  with  RG  representable  antenna  forms.  it  is  worthy  of  note  that  syn- 

i 

thesis  procedures  also  exist  for  the  KL  (Sipress)  [[Ref,  18j  and  BIG  , 

(Rohrer)  FRef,  l$J  lumped  element  networks,  All  of  the  above  methods 
and  procedural  forms  are  well  documented  and  hence  wiH  not  be  reviewed 
here,  For  specific  details,  the  reader  is  referred  to  the  cited  references. 

Assume  that  the  antenna  impedance  characteristics  are  known. 

Than,  the  procedure  is  to  extract  the  reactive  portion  of  the  impedance  j 

and  represent  it  in  polynomial  fore.  Then,  one  of  the  above  driving;  • 

point  synthesis  procedures  is  employed  to  reduce  the  reactive  character-  ; 

*  S 

1st, re  to  a  realizable  lumped  element  configuration  »  tn  its  simplest  fora  | 

this  redness  to,  for  instance,  saying  -that  a  short  top-loaded  antenna  is  I 

reraesenteble  by  a  resistance  1  and  eameitor  C, ,  and  hence,  the  synthesis  1 


'  *  Vi*  «■— — >’VV.  V-d  »«H 


of  the  reactive  antenna  component  is  a  capacitor  of  value  G^,  For 
general  purposes,  though.  He  represent  the  synthesized  network  as  an 
EG,  EL,  or  KLG  network-  as  shown  in  Figure  33 o. 


Fig,  33a,  Antenna  Impedance 
Assumed 


a  *■  a 

Fig*  33b,  Impedance  Characteristics 
of  Discrete  Network 
Assumed 


If  this  synthesised  value  of  the  imaginary  portion  of  the  antenna 
impedance  is  now  .placed  as  the  load  of  a  converter  circuit,  we  are  able 
to  realise  the  negative  of  the  reactive  portion  of  the  antenna  an  depicted 
"below. 


KXC 


-I  am  | 
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Fig*  3^*  leans  of  Realizing  Conjugate 
*  of  Antenna  Impedance 


la  series  fora,  the  antenna  atoning  network  would  be  configured 
as  in  Figure  35a,  in  parallel  form-  as  in  figure  35o, 


Z'  ***.  jXant 


This  preblea  can  be  effectively  eliolaaied  if  the  synthesized 

antenna,  network  is  replaced  by  a  second  antenna  with  terminal  character- 
istics  essentially  identical  to  the  antenna  utilised  in  the  above  procedure 


It  is  again  assumed  that  the  antennaes  utilized  are  electrically 
short,  highly  capacitive  top  loaded  probes.  Hence,  the  summation  of  the 
antenna  resistance  factors  results  in  an  extremely  small  total  resistive 
component,  and  the  impedance  converter  is  effectively  reflecting  only  a 
lumped  capacitive  reactance*  i*e*.  the  imaginary  portion  of  the  antenna 
impedance.  In  fact,  the  resistive  cosponent  of  such  small  antenaaes  is 
approximately  two  orders  of  magnitude  less  than  the  reactive  portion  up 
to  a  frequency  of  roughly  hundreds  of  Kegaherts ,  Nevertheless,  if  re¬ 
flected  negative  resistance  presents  any  major  problem,  it  can  be  elim¬ 
inated  by  placement  of  series  or  shunt  resistances* 

Placing  the  second  antenna  as  the  load  of  an  ideal  NIC,  leads  to 
the  series  matching  scheme  of  Figure  36a  and  the  parallel  configuration 
of  Figure  36b, 


Zsnt^Fant,  -  jXant, 


III.  EminPENm  PROCEDURES 

Experimental  methods  used  were  broken  into  two  categories j  those 
related  to  the  testing  of  individual  converter  circuits,  and  those  re¬ 
lated  to  the  testing  of  the  overall  miniature  antenna  system.  In  each 
case,  conventional  testing  methods  proved  unsatisfactory  and  had  to  be 
modified  as  discussed  below, 

A*  CONVERSE  CIRCUITS 

Two  distinctly  different  parameter  measurement  schemes  had  to  be  de¬ 
veloped  for  testing  the  various  type  of  converter  circuits.  The  first 
method  applied  to  the  testing  of  the  ideal  generator  model  realisation, 
the  second  to  the  matrix  models  constructed, 

1,  Ideal  Generator  Testing  Brocedurea 

This  class  of  converter  was  tested  in  a  relatively  simple, 
straight  forward  method,  For  the  circuit  configuration  of  Figure  21,  it 
was  only  necessary  to  assure  that  the  output  voltage  was  equal  to  2*¥^ 
over  the  frequency  range  of  interest.  Because  high  input,  low  output  re¬ 
sistance  operational  amplifiers  were  used  in  the  actual  circuits,  the 
inpat-output  impedance  requirements  tom  approximately  satisfied, 

2,  Matrix  Model  Testing  Procedure 

SIC  circuits  based  on  a  matrix  realization  have  been  shown  to 
have  one  open-circuit  stable  (QGS)  port,  and  one  short-circuit  stable 
(SOS)  port.  As  a  result  of  this  phenomenon,  it  is  characteristic  for 
an  NIC  to  be  stable  If  the  impedance  loading  of  the  CCS  port  is  large 
and  that  of  the  SG3  port  Is  small P  Since  it  was  impossible  to  accomo¬ 
date  the  loading  requirements  of  the  two  different  orientations  within 
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one  test  setup,  it  was  necessary  to  employ  several  different  measurement 
schemes  in  order  to  measure  the  parameters  of  interest. 

For  a  first  order  approximation  *  the  individual  circuits  were 
modeled  and  run  on  a  computer  using  the  Electronic  Circuit  Analysis  Jro- 
gram  [Ref,  2i  j,  Though  this  method  was  only  as  accurate  as  the  active 
device  representations,  it  did  allow  for  the  determination  of  an  accurate 
low  frequency  K  matrix.  Based  on  these  results,  the  converters  were  com¬ 
pensated  to  within  an  order  of  the  correct  magnitude,  and  then  the  net 
result  reprogrammed  for  a  second  run  to  assure  that  the  intended  effect 
was  obtained. 

The  next  procedural  step  was  to  assure  that  the  NIG  possessed  a 
unity  conversion  ratio.  The  conversion  ratio  In  of  the  NIG  was  mea¬ 
sured  by  means  of  the  test  arrangement  shown  Is  Figure  37» 


Detector 


source 


Fig,  p7«  Test  Setup  for  Measuring  tbs  NIG  Conversion  Satii 


For  this  figure,  the  impedance  to  the  right  of  point  i  is  given  hyt 

2^21^1 

l&ile  that  to  the  right  of  point  2  isi 


h  m  "s  *  hii  *  l  +  hgjj^  *  ' 

Sines  all  converter  circuits  used  in  this  test  configuration  had 
!w  “  0,  equation  30  reduces  to  Z0  =  2  -  h,  2L ,  For  the  initial 


adjustment ,  mss  set  equal  to  Z1  and  the  1010  circuit  values  were  varied 
until  a  voltage  null  appeared  at  point  2,  Whan  such  a  null  occurred, 

Z 

g 

IT"  ~  ^12^2i  ~  ^  circuit  under  test 

and  the  actual  conversion  ratio  was  thus-  observable. 

Figure  36  shows  the  measurement  setup  used  to  duplicate  the  block 

diagram  arrangement  of  Figure  3?.  A  GH  1606  EP  Impedance  Bridge,  which 

presents  a  sufficiently  high  Impedance  to  the  load  to  prevent  oscillation) 

was  used  for  the  impedance  Z  .  The  oscilloscope  was  employed  to  monitor 

s 

for  signal  distortion  and  possible  circuit  oscillations,  but  was  removed 
during  the  actual  measurement  tests. 


Pig»  38*  Voltmeter  Null  Detector  Arrangement  for  Measurement  of 

In  order  to  measure  the  actual  input  impedance  presented  by  the 
loaded  converter  circuit,  a  low  impedance  (50  ohms)  measurement  arrange - 


sent  using  a  H.P,  Vector  Voltmeter  was  utilised  in  the  configuration  of 


Ms.  39, 
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Vector  Voltmeter  Test  Circuit  fox'  Measuring  Converter 
Input  Impedance 


The  Vector  Voltmeter  compares  the  incident  voltage,  E^,  at  the  50  ohms 
load  with  the  voltage  t  at  the  KICj  the  quantity  actually  measured 

is  thus  1  +  ,  which  was  easily  converted  to  valves  of  Z  by  use  of  frith 
Charts.  The  system  was  first  calibrated  using  a  short  circuit  load  in 
order  to  compensate  for  differing  lias  lengths  and  other  sources  of  ua- 
desired  phase  shift. 

Knowing  ths  conversion  ratio  and  the  converted  input  impedance 
for  a  given  load,  it  was  then  possible  to  optimise  the  converter  by  trial 
and  error  eo  as  to  insure  the  desired  performance  characteristics, 

b,  a msssk  smrm  tssttm 

The  basic  means  of  testing  the  various  active  broadband,  conjugate 
antenna  system  ms  to  compare  its  performance  against  a  reference  re¬ 
ceiving  antenna,  in  this  csss  a  12  foot,  untuned  Tricar  whip,  'Hie  basic 
antenna  structure  used  with  the  active  networks  was  a  two  laeh  in  length, 


i  inch  in  width  rod  that  had  a  one  inch  in  Hamster  to1  one  inch  in  length 


configuration  of 


To  cospsre  their  respective  performance,  Ins 
Figure  kO  Has  employed. 


Fig,  kOt  Method  Used  for  Obtaining  Comparison  Reception  Data 


Sc-peading  on  the  frequency  of  Interest,  either  a  PRK-1A,  or  a  JSM— 
10A,  Radio  fast  Set  was  used  to  obtain  compari*  on  signal  level  measure¬ 
ments  from  each  of  the  two  antenna  Bystems,  The  active  network  contained 
in  Figure  40  was  constructed  from  the  theory  of  chapter  three  and  had 
either  the  synthesised  passive  element  feedback  network,  or  a  second 
latching  antenna  included  as  an  integrated  eleaezrt.  The  Tektronix  422 
Gecilloecops  ya$  used  to  monitor  for  active-  network  instabilities  and 
vac  resaved  during  actual  testing,  lastly,  all  tests  on  the  antenna  sys¬ 
tems  were  conducted  at  the  antenna  roof  facilities  of  the  h'aval  Postgraduate 


IF,  RESULTS 


Based  on  the  theory  presented  in  chapter  two,  three  basic  active 
antenna  systass  were  designed  and  tested.  In  the  sections  below,  ths 
design  requirements  and  means  of  satisfying  them  are  discussed.  Then, 
the  method  by  which  each  was  used  to  obtain  a  conjugate  matched  antenna 
system  is  presented  along  with  the  test  data  obtained. 


A,  IDEALIZED  GENERATOR  vKIG  MODEL 

Based  on  the  theory  developed  in  chapter  two,  an  Idealised  generator 
VMG  model  was  constructed,  Ths  resultant  product  was  tested  using  both 
a  simulated,  discrete  element,  antenna  impedance,  and  with  an  antenna, 
placed,  in  the  feedback  loop. 

Section  one  discusses  the  simulated  antenna  model,  section  two  the 
antenna  feedback  derivation,  while  section  three  provides  an  analysis  of 
the  systems  with  resneet  to  the  data  obtained. 


The  circuit  shown  in  Figure  21  was  constructed  using  commercially 
available  wideband  differential  PET  input  operational  amplifiers.  She 
pertinent  characteristics  of  the  selected  operational  amplifiers,  Burp- 
Brown  3400  Afse  are  given  in  Tards  kt  while  ths  actual  circuit  farm  em¬ 
ployed  to  implement  Figure  21  is  shown  in  Figure  41, 

Consideration  of  Flgiwe  41,  with  Z,  removed,  showed  that  the  input 
impedance  of  the  overall  network  is  approximately  the  input  rxpedance  of 
tbs  first  operational  amplifier  stags,  while  the  output  ispedaneit  is  less 
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Burr-Brows  3400A  Operational  Amplifier  Characteristics 

Bated  output 

+  10V 

4W 

Unity  gala  B'rf 

100  MHz- 

Open  loop  gain 

90  IS 

Open  loop  inp.it  Zt 

10"  ohEs,  2pF 

Open  loop  output  2 

25  Ghns  at  10  KHz 

. —  Antenna 

Fig*  m  t  *aeslised  Gsasratcr  YH3&  Circuit 


Sesistassss  Ej  and  IL  wore  adjusted  to  give  a  total  gain  of  iw 


at  the  output  tersdaals It  was  found  that  i  -is  gala  could  be  sairtai 
up  to  43  HHa  without  the  seed  of  circuit  acdlf ieatioas  -  and  ars 
255.  ©has  resistcrs  used  for  DO  nulling*'' 


'  All  power  euppULas  shunted  to  ground  by  the  parallel  jdaueseni  of 
*02  uf  carasi©  -and  10  sf  taatalua  capacitors* 


. I - »»< *  umtttm-. 


It  was  assumed  that  the  antenna  was  Indeed  capacitive  la  nature  9 
and  hence  a  feedback  network,  Z, ,  composed  of  a  parallel  placed  variable 
capacitor,  10-100  pF,  and  a  resistance  0-1  K,  were  used  to  simulate  the 
conjugate  of  the  antenna  impedance'.  The  resistance  was  inserted  to  pro¬ 
vide  a  means  of  fine  tuning  the  reflected  negative  impedance.  The  final 
farm  of  the  network,  with  Z^  in  place,  equated  to  the  parallel  antenna 
matching  network  of  Figure  35b* 

For  purposes  of  testing,  a  5RH-1A  was  used  in  the  test  setup  of 
Figure  40,  A  frequency  was  selected  where  a  signal  was  present,  and  then 
the  respective  signal  strength  from  each  antenna  system  was  recorded,, 

The  results  sere  presented  in  Figure  42,  where  gain  vs  frequency  of  the 
active  conjugate  matched  antenna  relative  to  that  of  the  untuned  12  foot 
whip  is  shown.  Though  this  figure  serves  to  show  the  merit  of  the  con¬ 
cept,  the  results  were  actually  severely  degraded  for  three  basic  reasons, 

F*rsij  since  the  operational  amplifiers  were  restricted  to  an 
output  swing  of  4  10  volts,  care  had  to  be  exercised  if  circuit  damage 
was  to  be  avoided.  Because  of  the  pas  >enca  of  a  neighboring  X  kilowatt 
transmitter  site  (KM3T,  1240  KHz-},  approximately  three  bHs3  distant,  and 
the  fact  that  the  antenna  system  responds  to  all  incident  signals,  the 
circuit  feedback  network  had  to  be  tuned  so  that  the  operational  asp/JLfler 
output  restrictions  were  rets  It  was  noted  that  if  the  feedback  capac- 
Itsnee  was  increased  over-  21  pPs  the  output  signal  'from  USX  rapidly 
reached  a  point  in  excess  of  the  4  X0  volts  output  limitation.  It  is 
worthy  of  note  that  tMs  fact  was  learned  at  the  expense  of  one  operation- 
fid  amplifier  that  couM  not  sustain  a  sms  resonance  swtjfoi  swing  of  4  33 
volts,  as  a  Mitered  on  a  Tsktoowis  422  oscilloscope* 
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Secondly,  oven  if  the  output  signal  level  was  maintained  under 


the  +  10  limit,  it  was  evident  that  the  BP  and  IP  sections  of  the  receiver 
test  sets  used  would  be  incapable  of  hairfling  such  high  signal  levels 
without  being  completely  saturated  ,  Fen:  the  PHK-1A  employed  during  test¬ 
ing,  the  maximum  input  level  that  did  not  cause  saturation  was  approxi¬ 
mately  ,6  volts  at  the  input  terminals.  Hence,  the  maximum  input  signal 
at  any  frequency  incident  and  responding  through  the  active  antenna  net¬ 
work  had  to  be  limited  to  ,6  volts, 

lastly,  the  amount  of  "detuning”  psrsdssable,  achieved  by  variance 
of  either  the  capacitor  or  resistor  within  the  feedback  network,  was 
limited  to  values  that  resulted  in  stable  system  operation, 

As  a  means  of  deterring  the  relative  performance  of  the  active 
system,  the  test  setup  was  removed  to  a  signal  isolated  environment,  and 
exposed  to  individually  radiated  constant  level  signals.  Such  test  sig¬ 
nals  were  obtained  by  using  a  signal  generator  with  itB  output  terminated 
at  the  center  of  a  four  inch  by  four  inch  aluminum  plate.  The  active  an-  . 
ienna  system  was  placed  approximately  two  feet  from  this  source  and.  the 
signal  strength  received  was  measured  with  either  vhs  PBH-1A  or  the  MM-lOA, 
The  results  are  shown  in  Figure  43,  where  gain  over  the  untuned  miniature 
antenna  is  plotted  vs  frequency.  It  was  observe!  that  as  the  values  of 
elements  used  in  the  feedback  network  were  varied,  the  curve  tended  to 
shift  to  the  right  or  left,  but  always  fell  off  to  unity  gain  above  the 
untuned  antenna  at  approximately  43  HEs*  Examples  of  these  curves  for 
various  feedback  network  values  are  plotted  in  Figure  44,  The  unity  pin 
value  of  43  Mtfc  compares  favorably  with  results  based  on  considerations 
of  the  anticipated  unity-gain  bandwidth  product  for  the  operational  am¬ 
plifiers  used. 
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bedrock  Network 


The  configuration  of  Figure  4i  was  retained,  but  for  this  part 
the  feedback  loop  was  modified  to  that  shown  in  Figure  45,  thus  leading 
to  the  equivalent  of  the  two  antenna  systems  shown  in  Figure  36b, 


G*4K  jj 

vyco 


ground  plane 


Idealized  Generator 
YNIC  Model  of 
Figure  41 


Fig*  45*  Modified  Feedback  Arrangement  Used  to  Approximate 
the  Configuration  of  Figure  36b 


Kith  the  feedback  loop  inserted,  the  active  antenna  system  was 

- 

tested  following  the  same  procedure  employed  in  testing  the  discrete  el 
eaent  feedback  aoctel,  The  previously  noted  restrictions  concerning  out 
put  voltage  swings  and  stability  considerations  likewise  applied  to  ihi; 
circuit  fora.  The  results  obtained  are  given  in  Figure  46,  where  once 
again  gain  vs  frequency  of  the  active  conjugate  matched  antenna  relativ 
to  that  of  the  untuned  12  foot  whip  is  plotted.  With  one  exception,  PI* 
are  46  1b  the  duplicate  of  Figure  42,  but  shifted  up  approximately  $  dB 
3Ms  was  attributed  to  a  closer  resonant  matching,  achieved  without  vie 
lating  the  stability  restrictions  for  operation. 

As  with  the  first  model ,  a  controlled  signal  environment  test  w 
run,  the  results  of  which  were  for  all  purposes,  identical  to  throe  shoi 
In  Figures  43  and  44, 


3*  ^aalvats 

The  concern  of  this  section  is  directed  at  considering  the 
frequency  response  of  the  circuit  utilised*  The  limitations  previously 
discussed  with  respect  to  resonance  * detuning'  duo  to  output  signal  level 
restrictions  and  receiver  input  characteristics,  are  limitations  apart 
from  the  conceptual  problem  of  interest. 

For  the  moment,  assume  that  the  above  idealised  generator  model 
has  an  output  impedance  equal  t,_  sr.ro,  and  a  fixed,  frequency  independent, 
voltage  gain  equal  to  two.  For  frequencies  less  than  43  KHz,  these  ap¬ 
proximations  are  empirically  correct, 

Hie  resultant  network  is  then  modeled  as  shown  in  Figure  47, 
where  Zin  represents  the  input  impedance  of  the  network,  and  2,,  the  in¬ 
serted  impedance  of  the  feedback  loop. 


The  input  impedance  for  the  overall  circuit  is  equal  to 


la  circuit 


(31  > 


From  the  circuit  form  of  Figure  41 ,  and  the  characteristics  of  the  opera¬ 
tion  amplifiers  used,  Z4^  equates  to 

Zln  "  *  2^  (%*aJ  W 

where  Zj  »  S^t  Z^  *  1^,  as  shown  In  Figure  41,  and  a#  and  Z^  si®  as 
spccifisd  in  fable  4*  Substituting  equation  31  into  equation  32,  yields 
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in  circuit  1 


|_  ’  ZS^T Z^T^Af;}  J 

In  equation  33#  %f  «  Z^(l  +  A^)  and  22,^2-  <<  2L2%  (i  +  A^)  for  frequen¬ 
cies  less  than  20  HHs,  Thus  equation  33  reduces  toi 


2in  circuit  "  ~31 

»  _ I 

If  Zp  the  Impedance  of  the  feedback  network}  was  composed  solely 
of  a  capacitance,  then  Z^  would  equate  to 


“  ~rr  for  Sv  »- 


in  circuit  Z-j.  -  jwC  jwC  "I  nC 

and  a  severe  low  frequency  restriction  would  arise. 

To  alleviate  thj*  problem,  let  Zx  be  a  parallel  capacitor,  reelat- 
or  network  as  employed  in  the  actual  models.  Under  these  conditions,  Z_ 

'  Jm 

rf+l  •  “a  Zlu  circuit  retoee3  to 

2  K  „ ., , , 

'  ^ln  circuit  *  ROs  +  1  *  R 

1  ~  SCb  1 1 

SI  - 


Jin  circuit 


in  circuit 


BC®  +  1  ~ 


a  .  *  «ri .  _  ....  1  i 

"  w?  ior  wG  » -g  -  g- 

■Wj  4*  ~  „  “  ”T 

^  B  !j  1 


.  2he  result  is  twofold.  First,  a  deipra©  of  sosteol,  within  tbs 
limitations  of  its  stability  restrictions  s  is  obtained  using  the  variable 
resist*?  as  an  impedance  adjusting  element,  SncGadly,  tta©  rigid  tm 
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£  IgH 
t  Jfgs 


?  m 

I  1 
l  1 

3* 
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frequency  restriction,  Z^  »  — ■  ,  previously  mentioned,  is  traded  off  for 
a  acre  reasonable  high  frequency  limitation,  kG  »  —  -  ,  This  Is  es¬ 

pecially  advantageous,  considering  the  low  valve  of  G  employed,  typically 
less  than  15  pF. 

The  effect  of  a  finite  output  impedance  is  equally  detrimental, 
but  to  a  much  lesser  degree.  This  is  primarily  because  the  output  cf  the 
last  stage  is  approximately 


S  a  Z 

out  circuit  out  2nd  AMP 


r  x 


and  upon  substitution  of  the  actual  circuit  parameter  values,  Z  ^  cj:ecu^ 
reduces  to  less  than  2  ohms  up  to  25  KHz,  approximately  a  short  circuit 
for  analytical  purposes,  Bence,  the  input,  output  characteristics  of  the 
overall  network  are  satisfied. 


B.  DISC3ETE  K01CD3AL  HIC  KOBEL 

Based  on  the  derived  theory  for  construction  of  nonideal  NIC  networks, 
an  XNIG  model  was  constructed.  The  final  antenna  system,  the  result  ©f 
several  computer  and  actual,  testing  iterations,  was  tested  in  the  same 
Banner  as  the  idealized  generator  VEEG  model. 


The  basic  transistor  configuration  selected  for  modeling  is  shown 
without  biasing  elements  in  Figure  48, 


Fig,  48.  Transistor  Arrangement  Used  in  Modelling 
the  SealcLsai  JQXJ 


the  active  device  selected  for  use  was  a  KD  6002,  npn-pap,  single  unit 


pair*  In  the  circuit  fora  of  Figure  48,  the  H  parameters  are  h^>0, 

^22  >  °*  aa^  <  °»  which  satisfies  the  requirements  imposed  "by  Table  i 
In  actuality,  the  form  of  Figure  48  is  smite  old,  due  initially  ti 
Yanaglsawa  [,Ref ,  20  J  and  has  been  modeled  in  translator  fora  by  several 
authors  £Sef,  22  and  21  jt 

If  one  considers  the  idealised  version  of  the  above  circuit,  as 
shown  in  Figure  49,  it  is  evident  that 


h  - ** 


h  *** 

+  1)  Sj  +  ^  ‘ 


11— ^ 


Fig.  49.  Idealised  -Version  of  Transistor  fora  Employed 


Thus,  fas  a  large  current  generator  factor  K, 

h*h  - 


where,  with  Sg  =  S^g  closely  approximates  Xg  and  the  H  matrix  reduces 


to  that  of  as  ideal  IHIO, 

In  practice,  each  transistor  must  have  &  collector  supply  resist*" 
ancs,  however,  if  these  are  identical  and  the  MG  conversion  factor  is 
-1,  than  the  collector  resistances  cancel  one  another.  The  addition  of 


"jc  ' 


these  biasing  elezsenis  result  in  the  circuit  fora  shown  in  Figure 

r" 

<1 


Fig.  50 »  Biased  MG  Configuration 
and  the  small-signal  equivalent  circuit  given  by  Figure  51, 


la  order  to  insure  that  the  collector  resistances  do 
and  that  a  transmission  ratio  of  =*1  is  obtained}  it  was  necessary  to  solve 
for  the  values  of  the  yarlvus  resistances  in  ten®  of  each  other,  this 
isas  sost  easily  done  by  using  the  ’Gcsnsaission  Parameters^  where 

Vi  "  i72  *  *h 


requirement. 


thug* 
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from  which  the  following  ware  obtained! 


(2&  *»l)  Bj.  ~ 

„  he-i)  [a,  +  a„  +  (i-<QgJ 

4a 2  -  4a  +  i 


h 

Using  sr-  =»  -Bj  T  »  0,  and  sr*  =*  -I)f_  *  -i 

*  i2K>  x2  ,J-2=0 

yielded  the  last  relationship  (2  a  -1  )B^  *  rQ  +  r^(i»a  )  ,  {%) 

i£  it  is  assumed  tost  <t  is  real,  and  equal  to  l,  then  equations 
34  through  3°  reduce  tot 

V®! 

*2“  Vr. 


ifeaugh  the  above  procedure  results  in  convenient  circuit  inter¬ 
relationships,  it  does  not  allow  for  the  true  A G  operation  since  tran¬ 
sistor  capacitances  mm  omitted.  Still,  it  serves  as  a  starting  point 
for  the  required  iterative  processes  necessary  to  achieve  the  final  design, 
Modeling  the  active  devise  by  ifcs  hybrid  pi  layout  of  Figure  52, 
Figure  53  was  ran  using  SCAT  in  order  to  determine  the  frequency  vs  H 
parameter  characteristics  cf  the  network. 
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Fig*  52,  Hybrid  Pi  Kepreeentaticn  of  Active  Devices 
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Fig.  53*  Circuit  Fora  Ran  Using  SGA? 


An  extract  of  tbs  results  obtained  is  given  in  Table  five, 

TABLE  5 

hz 

1,016/  o° 

1.01  4/  0° 


^1 

39.63  / 180° 
40.56  / 147.85° 


h/~n 


.6 97/  0C 


,?94.ld'5/?o0 


,899  /  0°  , 792,10’ 5^?° 


For  the  cross  product  of  hj  to  equal  1,  it  was  next  necessary 
to  increase  the  paraceter  ty  modifying  the  value  of  IL,  3y  an  itera¬ 
tive  cospatationAl  process,  the  value  of  R^  *  2260  (vice  2300)  was  ob¬ 
tained  sad  substituted  into  the  aodslea  circuit.  Thin  completed,  the  fre¬ 
quency  vs  H  jamwter  chexacteristlcs  of  the  network  ware  again  obtained 
using  S CAP,  An  extract  of  the  results  are  given  in  Table  six, 

TA3LS  6 


1.0186' /  -.001°  1,000095  Z  °°  .295‘10'/84c 


1,0129  /  -1,3  1.00008  /  0" 


.45*10’-’/ 72' 


ia 


*  a 

*  S 
I  & 

j  M 


*  ^ 
-  V: 


- 


i  4 


i  51 


Haying  satisfied  ins  cro3a  requarsaent,  it 


reaainsd  to  elisinaie  the  paracdiles  h^  and 
table  six,  an  H  paruseter  set  of  h^1  <  0,  h gg  >  O,  hjphg^  >  *$  aa^ 

&  h  <  0  is  noted.  This  equates  to  set  2b  of  table  three,  Thus,  the  de¬ 
sired  • coapensatalcn  scheme  was  found  to  be  equivalent  to  that  shown  in 
Figure  54, 


h22* 


For  the  values  of 


Fig,  54.  Coupe nsaticn  for  Non.td.eal  XlffC  of  Figure  53 


The  recultant  frequency  vs  K  paraaatsr  plots  based  on  the  out¬ 
put  of  the  SCAT  runs  are  shown  in  F?gure>  55  through  58* 

Several  factors  were  evident  from  the  above  data.  First,  kss 
too  large  at  higher  frequencies  (f  >  100k),  This  ras  corrected  by  moiiiy- 


lag  to  45  sad  ‘.c  371.  Secondly,  one  of  the  scat  important  factors 
Uniting  high  frequency  performance  was  the  presence  o*  the  collector- 
base  ©ameitanoe  of  the  two  transistors,  ss  exacted,  since  both  fa^,  and 
hgg  actually  contain  jwC^  terns  of  the  fora  - 


a. 


1  -  JaCLIU  ! 

_ _-1  -- -  p-  i 

i  +  jwG^Bg  5 


hgg  *  5*% 


1  *  ?; 


Al" 


1  +  jwQ^IL, 


Vhars  G,  is  the  lumped  collector-base  capacitance  present ,  is  the  fre¬ 


quency  of  operation  increases,  it  is  apparent  that  h^  h±U  approach  a 
fixative  real  number.  This  was  partially  orereaas  by  placing  a  cajacitaa: 


.ii'iK  *»  til  V  {•»  h  A#  t  H  i ' -h  « 'A  lilt  *  WWU'Wm  W  ^WH  tttuoftft. 


s.oss 


Cg  In  parallel  with  »  Tt te  effect  of  this  was  to  modify  the  H  paraiseiers 

to 


•'ll =  0 


r2  i  *  Jw(c2-s1)h3  _ 

h-21  “IT  1  V  jnCglig  ln22  =  1  +  jwG^  * 

If  in  the  above  «=  p  aid  =»  2C^  .■  then  the  above  reduces  to 


hi 


hz 


=  1 


h21  “  1  hz  m  *°t 


llie  csly  regaining  departure  from  the  ideal  case  left  now  is  the 
non-zero  value  of  h^,  which  from  consideration  of  table  three,  can  be 
compensated  by  shunting  a  capacitance  across  the  input.  The  above 
corrections  were  sade,  now  circuit  values  Inserted,  ami  rerun  for  f re- 


ijuency  vs 

K  paranster 

characteristics , 

The  results  are  summarized  in 

table  seven. 

TAB  LB  7 

f 

hi  • 

hz 

hi 

hz 

1  KHz 

,4  / 179° 

1.00 5  / 163° 

1.0001  £  0 

.5*io~5^ 

10  KHz 

. 9  1 134° 

1,005  4 161° 

urn  t- z° 

.5*10*^47° 

100  KHz 

1.6  1 119° 

1.004?  i  159° 

l.OOi  /  *4° 

.6.10*5430° 

1  KHz 

Z.71  93° 

1.0043  4  82° 

1.CO05  £^f 

,6«10  ^467° 

10.  MHz 

6.4  4  54° 

1,0041  l  ?l 0 

1.C009  4 -13° 

.9*1C"5482° 

74’ 


She  circuit  vas  next  tested  using  the  HP  BkO~A  Vector  Voltmeter 
configuration  of  Figure  39,  Using  a  1QK  load,  the  results  'are  summarized 


in  table  eight 


TMB1M  8 


Ste^ueuey 


10  Kite 
ICO  Kite 
1  -Mite 
10  KHz 


20  Mite 


^in/^load 
-,92?  +  3,0007 
«,9&3  +  3,0032 
-,972  +  3,00 6 
",961  4-  3 ,0013 
-,943  *  3,004 


The  above  results  were  considered  to  ha  close  enough  to  the  anti¬ 
cipated  values  that  no  further  circuit  codifications  wore  attenpted.  The 
final  circuit  form  used  la  aatchlng  to  the  antenna  leads  is  shown  in  Fig¬ 
ure  59, 
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Fig,  59,  Final  Circuit  Fora  of  Nonideal  INXG 


The  addition  of  the  50 K  resistance  connecting  the  ’oases  of  the 
two  transistors  was  found  to  he  necessary  if  reliable  transistor  turn-on 
of  both  active  devices  were  to  be  achieved. 

2»  Antenna  Realisable  Fora 

The  circuit  of  Figure  59  was  loaded  with  an  antenna  at  each  port, 
yielding  the  antenna  structure  of  Figure  36b,  Once  again,  a  ERM-iA  Hadlo 
Test  Set  and  a  12  foot  JEIOQE  whip  were  used  to  determine  a  figure  of 
merit*  The  results  of  these  tests  are  shown  in  Figure  60,  The  loss  of 
gain  above  1  MHz  was  attributed  to  the  inability  to  exactly  control  the 
phase  shift  across  the  device,  this  in  turn  due  to  the  complex  nature  of 
h^,  or  equivalently,  a, 

lastly,  the  previously  mentioned  comments  concerning  local  broad¬ 
casting  stations,  peak  signal  into  the  circuit,  and  peak  input  into  the  . 
test  set,  applied*  The  maximum  signal  that  the  circuit  could  handle  was 
found  to  be  approximately  +  2  volts,  but  since  the  PRK-iA  was  restricted 
to  an  input  of  +  ,6  volte,  it  was  of  little  importance. 


G,  HQBAL  ADMITi'MGE  MODEL 

The  last  circuit  aodsl  constructed  was  based,  on  the  nodal  admittance 
synthesis  procedure  presented  in  chapter  two. 


using  ins  circuit  form  of  Figure  Z?-  resistance  values  were  se¬ 
lected  to  satisfy  equations  19  through  2?,*  The  final  circuit  fees  is 

k 

shown  la  Figure  61, 


Fvj  -  261  ohm  for  DC  nulling.  All  power  supplies  shunted  to  ground 
with  thii  parallel  coahinaiioH  of  ,02  uF  eeraaie  and  10  of  t&stsiuh 


Fig*  61s  Circuit  Porn  of  Nodal  M pittance  Model  Constructed 


Tills  network  was  analyzed  by  using  the  G  parameters  #  where  fee: 
the  ideal  VNIC,  G  is  given  'ey* 

0 
-i 

Using  the  circuit  values  given  in  Figure  6lf  the  resultant  G 
p&musters  were  found  to  bei 
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where  it  was  assumed  that  the  open-loop  gain,  A^,  of  each  operational 
amplifier  was  identical  and  that  associated  input  capacitances  were 
negligible.  Hence,  for  large  values  of  A  1#  the  matrix  of  so uation  42 
was  satisfied, 

2,  Antenna  Realizable  Form 

Tbs  circuit  of  Figure  61  was  loaded  at  each  port  with  top-loaded 
miniature  antennaes,  yielding  once  again  the  parallel  conjugate  antenna 
matching  schema  of  Figure  36b,  Using  the  testing  procedures  previously 
discussed,  the  gain  vs  frequency  characteristics  relative  to  the  untuned 
12  foot  TRICOR  whip  were  obtained.  This  data  is  plotted  in  Figure  62, 
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As  has  been  pointed  out,  there  are  two  aspects  to  the  theory  of 
conjugate  antenna  matching,  the  most  critical  of  course  being  the  actual 
achievement  of  the  desired  parameters  for  the  active  circuit  utilised. 
When  considering  either  the  nonideal  HIG  or  nodal  admittance  synthesized 
circuit  realisations,  it  is  evident  that  the  devices  are  useful  for  only 
as  long  as  the  desired  (X)  matrix  parameters  are  obtained.  In  both  of 
the  above,  the  resulting  phase  shift  acre-'  the  device  leads  to  the  ulti¬ 
mate  deterioration  of  the  converter  actio  ibovo  20  MHz,  As  expected, 

the  phase  shift  increases  rapidly  with  frequency,  and  for  the  configura- 

«i 

tion  of  Figure  51,  can  be  approximated  by  p  =  2tan  wS^IU,  This  was  ob¬ 
served  experimentally  under  load  conditions  satisfying  100  ohms  <  Z^  < 


It  is  generally  accepted  that  NIC  action  can  be  achieved  below  100  KHz 
without  extensive  compensation  of  the  active  network,  1st,  above  100  KKz, 
as  pointed  out  by  equations  40  and  41,  the  conversion  ratio  X  of  the  KEG 
will  be  a  complex  function  of  frequency,  Hie  effect  of  such  nonideal  con¬ 
verter  action  is  drastic  with  respect  to  frequency  limitations.  Consider 
the  transmission  ratio  K  defined  by 


“  K  B  ‘  "  a£w)  +  ^»Cy)  * 

where  a(w)  isai  1,  negative  ouster,  If,  as  with  the  small  top  loaded 
antenna,  a  reactive  load  is  inserted, 

ste  "  (» + %  *; 

Ziu  -  -WL  *  *  ' 


then  the  resultant  impedance  fees&ated  will  lead  to  the  presence  of  an 
unwanted,  frequency  dependent,  real  component.  If  it  is  assumed  that 


some  amount  of  impedance,  Z  ,  is  added  to  compensate  for  the  undesired 

w 

real  component i  then 

Z-ta  -  (a.  +  jb)  (Z.  +  Stj) 

-  («*c  -  tYL) +  JK +  "V  • 

If  the  real  component  is  to  equal  zero,  then  (a2c~bY^)  must  equal  zero. 
But,  for  this  to  he  true  over  large  frequency  ranges,  hcth  a(w)  and  b(w) 
must  change  signs  simultaneously.  In  general,  due  to  the  capacitance 
effect  of  the  active  devices,  b(w)  cannot  be  controlled  to  the  extent  nec¬ 
essary  if  stability  is  to  be  maintained.  This  has  been  confirmed  experi¬ 
mentally  in  numerous  NIC  circuit  models.  Tbs  final  result,  then,  is  two 
fold.  First,  a  restriction  of  the  useful  high  frequency  range  to  the  re¬ 
gion  in  which  the  sign  of  a(v)  and  b(w)  are  identical  and  secondly,  a  de¬ 
terioration  of  the  converter  action  from  the  Meal  case  of  h^bq^  =  1. 

This  last  effect  is  moire  obvious  if  one  considers  the  sensitivity 
values  far  the  circuit  c-f  Figure  52*  For  this  example, 
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It  ie  evident  from  these  relations  that  a  variation,  in  the  gain 
product  K  =*  h^5h2i  Kill  have  the  greatest  effect  on  KLG  performance,  es¬ 
pecially  if,  as  shown  above,  h^gh^  ^  a  complex  function.  In  addition, 
it  ms  observed  that  and  the  parasitic  impedances,  became  im¬ 
portant  if  either  the  load  impedance  was  made  very  small  or  very  large. 

It  would  be  expected  that  if  the  matrix  modeled  realisations  ware  con¬ 
structed  on  a  stripline  format,  that  higher  frequencies  of  operation  could 
be  obtained ,  For  the  time  being,  though,  the  main  restriction  would  seem 
to  be  the  relatively  low  beta-cutoff  frequencies  of  the  present  day  tran¬ 
sistors,  Khat  is  required,  in  the  most  basic  sense,  is  active  devices 
with  ft»s  >  20GHz,  and  extremely  large  £*s. 

With  regard  to  the  idealized  generator  model  studied,  it  would  appear 
that  the  restrictions  imposed  by  the  above  considerations  would  again  be 
detrimental.  Though  this  in  true,  it  io  to  a  much  lesser  degree,  since 
the  sensitivities  involved  are  of  a  mors  favorable  nature.  In  fact,  the 
principal  degrading  effect  observed  was  due  to  the  load  impedance  size  - 
vice  the  presence  of  transmission  phase  shift. 

It  Is  to  bo  noted  that  of  the  conjugate  antenna  systems  constructed, 
all  were  of  a  parallel  form  approximating  Figure  yob,  Though  several 
series  placement  arrangements  were  constructed,  ncae  were  found  to  work 
as  well  as  the  parallel  configuration  presented  in  this  repeat.  This  was 
primarily  due  to  the  inability  to  develop  a  NIC  circuit  with  the  proper 
astenna-circuit-’grcusd  Isolation  required  for  proper  converter-  action. 

As  a  result,  severs  frequency  range  restrictions  arose  due  to  stability 
restrictions. 

Although  nous  of  the  reviewed  circuit/ antenna  arrangements  were  tested 
exhaustively  for  stability  and  drift  under  variable  operational  conditions 


arpi  environment  ,  it  Is  apparent  that  the  concept  of  conjugate  antenna 
matching  is  feasible.  It  is  to  be  emphasized  that  the  matching  accom¬ 
plished  in  this  report  was  done  07  tuning  the  active  device  once,  and 
then  testing  for  the  gain  vs  frequency  response,  vice  continual  tuning:. 
Hence,  the  shown  frequency  range  of  100K  to  approximately  10-40  Ms  still 
is  impressive.  However,  though  this  is  far  short  of  a  true  broadband 
antenna  system,  it  is  evident  that  in  the  frequency  range  less  than  30 
MHz,  the  concept  has  considerable  merit. 

It  is  worthy  of  note,  that  it  is  possible  to  compensate  the  HIG- 
antenna  system  for  the  frequency  dependence  of  a  at  frequencies  greater 
than  30  KHz  if  the  active  device  f+  is  high  enough.  This,  of  course,  is 
at  the  expense  of  sacrificing  the  usable  frequency  range.  This  approach 
was  tested  using  the  nonideal,  discrete  element  circuit  of  Figure  57*  snd 
found  to  work  satisfactorily  at  specific  frequencies  for  which  compensa¬ 
tion  was  inserted. 

The  model  was  found  to  operate  in  the  desired  manner  at  20  KHz,  40 
KHz,  and  at  a  reduced  level,  cue  to  atmospheric  noise,  of  50  HEs,  A  use¬ 
ful  bandwidth  of  approximately  2-3  MHz  was  obtained  with  each  of  the  com¬ 
pensation  schemes  used,  this  small  amount' of  bandwidth  due  almost  entirel; 
to  the  rapid  rate  of  phase  shift  across  the  device  at  those  higher  fre¬ 
quencies  of  operation. 

It  5a  anticipated  that  as  substantial  improvement  in  transistor  high 
frequency  technology  occurs,  that  many  of  the  above  restrictions  will  be 
significantly  reduced, 

Sms,  the  final  conclusion  is  that  the  concept  is  practical  and  e&pab 
of  being  implemented  up  to  the  lover  ¥HF  range  in  a  broadband  manner,  and 
that  there  exists  now  a  oignificant  Mass  of  reducing  antenna  Bise  while 
realizing  greater  gain  in  iho  lower  frequency  regions. 


APPENDIX  A 


Through  the  courtesy  of  Kollnorgen  Corporation,  a  Kollmcrgen  model 
848  Voltage  Probe  Antenna  (VPA)  Has  obtained  for  the  purposes  of  making 
comparison  tests  against  the  active  antenna  system  of  Figure  41,  Due  to 
the  fact  that  the  above  tests  were  conducted  after  the  completion  of  the 
main  text  of  this  thesis,  the  results  are  contained  herein. 

The  testing  procedures  employed  were  identical  to  those  discussed 
on  page  that  led  co  Figures  43  and  44,  The  test  results  are  presented 
in  Figure  6-3,  where  gain  over  the'  VPA  is  plotted  vs  frequency. 
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